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[57] ABSTRACT 
In a convoluted-membrane type diffusion device for 
blood, such as a blood oxygenator, in which the mem 
brane is supported by a stiff, folded, integral backing 
having port means for ?uid ?ow therethrough. The 
backing is provided with laterally positioned tabs on 
each edge thereof, the tabs being folded inwardly 
against inner portions of the backing and sealed thereto. 
This provides double thickness edge portions of the 
backing to provide spacing and a gasket seal at opposed 
edges of the stack of convoluted membrane layers. The 
backing may be coated with thermoplastic material, 
which may be used as an adhesive to hold the tabs in 
folded double thickness relation with the rest of the 
backing. 

8 Claims, 6 Drawing Figures 
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DIFFUSION DEVICE FOR BLOOD 

BACKGROUND OF THE INVENTION 

Membrane oxygenators are currently in use in heart 
lung machines for maintaining the respiration and blood 
?ow of the patient during open heart surgery and the 
like. 

In U.S. Pat. Nos. 3,757,955 and 3,879,293, for exam 
ple, convoluted membrane type oxygenators are dis 
closed which are supported by a stiff, integral backing 
having transversely extending, generally parallel score 
lines, and folded on the score lines into sections and 
arranged on one side of the membrane. This arrange 
ment has provided a major advance in the quality of 
oxygenation provided to patients, as well as a major 
advance in the simplicity of assembly of a multiple 
membrane layer-type oxygenator for blood. 
The invention of this application represents a further 

improvement in the assembly of convoluted membrane 
type oxygenators, in which an integral spacing member 
is formed at the respective opposed ends of the ?ow 
paths through the convoluted membrane pockets, elimi 
nating the need for a taped seal, or other relatively 
complex techniques for sealing the ends of the convo 
luted membrane stack which is formed in accordance 
with the teachings of the previously cited patents. 
As a result, the folded membrane stack may be more 

effeciently assembled, with equal or improved reliabil 
ity of sealing at the ends, due to the integral spacing 
members formed in accordance with this invention. 

DESCRIPTION OF THE INVENTION 

This application relates to a diffusion device for 
blood having, as a diffusion means, a ?exible, semiper 
meable membrane folded into a stack to' provide a plu 
rality of membrane layers arranged for flow of blood in 
a plurality of parallel ?rst flow paths, and for ?ow of 
another ?uid in a plurality of parallel second ?ow paths, 
positioned between in interleaving relation and sepa 
rated from said ?rst flow paths by said membrane. A 
stiff, integral backing is provided having transversely 
extending, generally parallel score lines, and folded on 
said score lines into sections, and arranged on one side 
of the membrane in the second ?ow path for support of 
the membrane layers. The backing also de?nes spaced 
port means to permit ?uid ?ow therethrough. 

In accordance with this invention, laterally posi 
tioned tabs are provided on each edge of the stiff back 
ing, the tabs being folded inwardly against other por 
tions of the backing and sealed thereto. The effect of 
this is to provide double thickness edge portions of the 
backing, to provide a spacing and gasket seal at opposed 
edges of the folded stack. 

Preferably, the stiff, integral backing may be coated 
with a thin ?lm of thermoplastic material such as poly 
ethylene. At a suitable time in the folding process, the 
thermoplastic coating on the tabs is heated, for example 
with hot air, to soften the thermoplastic coating on the 

. tabs adjacent the edge of the backing. The folded tabs 
may then be pressed into the other portions of the back 
ing so that the thermoplastic coating causes the tabs to 
adhere in face-to-face relationship with the remainder 
of the backing. 

Accordingly, when the backing is then folded along 
the transversely extending score lines to form the above 
described stack of membrane layers with the interleav 
ing backing sections, the double thickness edges of the 

2 
1 backing provide a spacing and gasketseal means along 
the edges thereof. , _ . > _ . . . 

Preferably prior to folding of the backing, itis over 
~ laid with spacer means in a position between the spaced 

' port means. Then the backing and spacer means is fur 
ther overlaid with diffusion membrane means of a width 

" and orientation to overlie the spacer means and the port 
means. Thereafter, the backing, spacer means, and 

" membrane may be convoluted as described into folded 
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sections by folding along the score lines to form a diffu 
sion membrane stack having interleaving sections of the 
backing and membrane pockets, with the folded tabs 
acting as a gasket member of increased thickness, com 
pared with the rest of the stack, so that placement of the 
stack in a tight casing provides scaling to opposed edges 
of the‘stack. 

In the drawings, 
FIG. 1 is an elevational view of a diffusion system in 

accordance with this invention for the oxygenation of 
blood. 
FIG. 2 is an elevational view of the system of FIG. 1, 

rotated 90 degrees about its vertical axis. 
FIG. 3 is a longitudinal sectional view of a ?ow enve 

lope, showing part of the oxygen and blood flow path 
within the membrane diffusion device utilized in the 
embodiment of FIG. 1. 
FIG. 4 is a plan view. of the membrane backing and 

related parts used to help de?ne the plurality of flow 
envelopes found in the device of FIG. 1. 
FIG. 5 is a perspective view of the diffusion system of 

FIG. 1. 
FIG. 6 is a sectional view taken along line 6-6 of 

FIG. 2. I 

Referring to the drawings, diffusion system 10 com 
prises a membrane diffusion device 12, which may be 
generally made in accordance with the disclosures of 
U.S. Pat. Nos. 3,879,293 and 3,757,955. 
The membrane diffusion device or oxygenator 12 

preferably comprises a porous, hydrophobic membrane 
such as polypropylene having minute pores in the sub 
micron range, which permits gas to easily pass through 
the membrane, while the liquid blood cannot. Porous, 
hydrophobic membrane 14 is assembled into a large 
plurality of (preferably about 75) separate ?ow envel 
opes 16 by being overlaid on ?at backing 18, as taught 
in the patents cited above, which may be preferably 
made of cardboard treated with polyethylene, or a simi 
lar thermoplastic. 

In this speci?c embodiment, a strip of screening 20 is 
laid over cardboard backing 18, after which membrane 
14 is laid on the backing, and the cardboard backing is 
folded into a series of panels 22 along fold lines 24 into 
a series of convolutions, as taught in the previously 
cited patents, to de?ne the connected individual envel 
opes or pockets 16. The blood flow path then runs be 
tween sections 14 of the membrane within each enve 
lope 16, passing from edge 31 to edge 33 of the enve 
lope, while the oxygen ?ow path is positioned between 
backing sections 22 and a membrane section 14, perco 
lating through screen 20. 
Added screening 26 may be placed in the blood ?ow 

path of each connected envelope 16. 
, The backing 18 includes longitudinally extending 
cutaway portions 28, in which the portions of adjacent 
panels 22 can interact together, as illustrated in FIGS. 
20 to 22 of U.S. Pat. No. 3,757,955, forming continuous 
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manifold ?ow passages to facilitate the flow of oxygen 
gas and blood into and out of each envelope. . 

Extra tabs 30 are provided at each edge of backing 18, 
to be folded inwardly along the fold lines 32, to provide 
spacer gaskets, at the ends of each envelope. The paper 
board of backing 18, may be coated with a relatively 
low melting polyethylene material or the like so that 
tabs 30 may be heat sealed into folded position by melt 
ing the polyethylene and thus sealing tabs 30 into their 
folded position. Then, the side edges of backing 18 may 
be covered with double faced adhesive tape. The rela 
tively narrow screen 26 is laid between the taped edges. 
Thereafter, membrane 14 is laid on with edges adhering 
to the tape. The assembly is then convoluted into an 
accordian fold along fold lines 24, and screens 26 may 
be added to the connected envelopes 16 thus formed. As 
the assembly is folded, beads of RTV sealant may be 
added along the membrane edges for improved sealing. 
The heat sealing step may take place simply by blow 

ing hot air at tabs 30 and the edges of backing 18, to melt 
the polyethylene coating. The folded over paperboard 
backing 18 may pass through the hot air jet, after which 
the folded tabs 30 are presseddown into the remainder 
of backing l8 and allowed to adhere together as the 
polyethylene cools. 
The above technique eliminates the need for the use 

of tape to provide end spacers and seals of the envelopes 
that are formed, and replace that generally manual pro 
cess with a process which is capable of full automation. 

Alternatively, the hot air blast could be replaced by a 
spray adhesive, if desired, to adhere tabs 30 to the body 
of the backing 18 by a different technique. 

Additionally, the hot air blast could be used to adhere 
screens 26 to the paperboard by softening polyethylene 
in the central portion of the paperboard or by softening 
the screens, if desired. 
As shown in FIG. 4, it is preferable for screen 26 to be 

proportioned so that it is positioned between the respec 
tive, spaced, longitudinally extending cutaway portions 
adjacent opposite edges of backing 18. This prevents 
obstruction of the apertures 28 by the screen 26. Simi 
larly, tabs 30 are preferably proportioned so they do not 
overlie cutaway portions 28 either. Conversely, mem 
brane 14, which is laid down after screen 26 on the 
backing, is preferably proportioned to approximate the 
width of the backing 18 after tabs 30 have been folded 
inwardly, as shown in FIG. 4, to facilitate the sealing of 
the edges of membrane 14. 
The assembly of the semi-permeable membrane and 

backing stacks of this invention, de?ning individual 
envelopes 15, may be a continuous, automated process, 
with rolls of backing 18, screening 26, and membrane 14 
being used, and conventional nip rollers and the like 
being provided to control the forward progress of the 
assembly. 
The integral stack of connected envelopes 16 are 

placed in canister 34, closed by a cover 36, generally in 
accordance with US. Pat. No. 3,879,293, proportioned 
to tightly squeeze the overlying tabs 30 in the stack for 
sealing the ends thereof. 
Gas inlet 35 is adapted for connection with an oxygen 

gas source, for leading gas through a gas inlet aperture 
37 to permit a ?ow of gas through the stack of envel 
opes. Gas outlet 38 receives the exhaust gas from the 
gas exhaust aperture 39 of the device, to convey it away 
from the apparatus. 
Blood inlet 40 is also a wide aperture, as shown in 

FIG. 2, receiving blood from vertically extending line 
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4 
42, having means for attachment to a flexible conduit 
for receiving venous blood from the patient. Connec 
tion 44 is also provided for communicating with blood 
inlet 40. Connection 44 may be connected with a cardi 
otomy sucker for the operation. 
The purpose of vertically extending conduit 42 is to 

provide a pressure head of the blood in conduit 42 a 
predetermined blood pressure at all times within the 
oxygenator 12, whenever line 42 is ?lled with blood. 
The blood enters the oxygenator, passing through 

wide inlet aperture 40 which, as shown in FIG. 2, ex 
tends essentially the entire width of the oxygenator. 
The blood then proceeds in the direction of arrows 46 
into connected envelopes 16, then passing in a wide 
front in the direction of arrows 48 through the length of 
the envelopes. For withdrawal of the blood at the other 
ends of envelopes 16 the blood moves outwardly of the 
envelopes in the direction of arrows 50, being with 
drawn through wide blood outlet 52, which communi 
cates directly with the wide blood inlet 58 of heat ex 
changer 54. 
The blood flow path through heat exchanger 54 is of 

equal width to the ?ow path in oxygenator 12, in the 
direction which is perpendicular to directions 48, 50 and 
54 of blood flow, as shown in FIG. 2. This is equal to 
width of the corresponding blood ?ow path through 
envelopes 16, outlet slot 52 of the oxygenator, and inlet 
slot 58 of the heat exchanger. 

Heat exchanger 54 may be of a design similar to the 
convoluted wall heat exchanger disclosed in US. Pat. 
No. 3,640,340, but the heat exchanger used herein pref 
erably contains about 58 pockets or blood passages 59 in 
the convoluted wall for the ?ow of blood, and is thus of 
considerably increased width and decreased ?ow resis 
tance from the embodiment shown in the previously 
described patent. The blood passages 59 through heat 
exchanger 54 are preferably free of ?ow distribution 
screening, or other means for increasing the ?ow resis 
tance to provide a more even ?ow in the various ?ow 
passages to the heat exchanger. This is possible because 
the wide connection of the blood exit 52 in the oxygen 
ator 12 and the blood inlet 58 of heat exchanger 54 
greatly reduces non-uniformity of ?ow in the ?ow pas 
sages 59, rendering such screening unnecessary. 
The blood passages 59 may, for example, be 1/16 inch 

thick, 5 inch deep, and 4.25 inches long in the heat 
exchanger. 

Blood ?ows from the ?ow passages 59 in the heat 
exchanger 54 through an outlet slot 60, once again 
which is of essentially width 56, into rigid reservoir 62, 
which may be made of a transparent, plastic material, so 
that the blood flow is in the form of a wide, generally 
?at ribbon as it ?ows through reservoir 62. 
Heat exchange solution may be pumped into heat 

exchanger 54 through inlet 64, passing by means of 
manifold 66 into the opposed set of pockets 68 de?ned 
by the heat exchange wall in interleaving, heat exhange 
relationship with the plurality of blood ?ow paths. 
Screens 69 may be used here if desired. In this embodi 
ment, manifold 66 is also shown to be of the same width 
56 as the blood ?ow path. 
The spent heat exchange solution passes from heat 

exchanger 54 into manifold 68, which is also of width 
56, and is collected in line 70 which, in turn, may be 
connected to a receiving line to convey the spent heat 
exchange solution back to a suitable temperature con 
trol device for heating or cooling the ?uid for another 
pumped pass through the heat exchanger 54, if desired. 
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Reservoir 62 de?nes a downwardly sloping ?oor 72 
which receives the wide ribbon of oxygenated and tem 
perature-controlled blood pouring from the outlet of 
the heat exchanger 54. The blood within reservoir 62 
flows in its narrow ribbon through outlet 60 for the heat 
exchanger, through the inlet 61 of the reservoir, of 
equal width to outlet 60, onto sloping ?oor 72. This 
causes the blood to ?ow in a narrow ribbon until it 
reaches the pool of blood 74 which resides in vertical 
tubular leg 76 of the reservoir. 
The outlet 78 to the reservoir is positioned at the 

bottom of vertical tubular leg, and may be connected to 
an arterial line for reconveying the blood back to the 
patient. 

Accordingly, as the blood passes down sloping ?oor 
72 in a thin ribbon, abundant opportunity is provided 
for the removal of microbubbles from the blood, prior 
to the blood reaching the relatively quiescent pool 74, 
where also bubbles may be removed. 

It is preferable for the in?ow and out?ow rate of the 
blood through the diffusion system of this invention to 
be adjusted so that as the level of pool of blood 74 
slightly over?ows vertical leg 76, as shown, to give the 
blood a long ?ow path across ?oor 72, and to join with 
pool 74 without bubbles creating excessive turbulence. 

Preferably, the maximum depth 63 of reservoir 62 at 
positions spaced from channel portion 76 is no more 
than one half of width 56. 
Gas bubbles may be vented through vents 78 in the 

upper wall of reservoir 62. Vents 78 may be closed with 
a microporous, hydrophobic material having an effec 
tive pore size of no more than about 30 microns, for 
example polypropylene paper or the like. Accordingly, 
gases can be vented from reservoir 62, while contami 
nants from the exterior are prevented from entry into 
the reservoir through vent ports 78. 

Shunt line 80 is provided, and may preferably com 
prise a ?exible tube connected at the respective ends 
with rigid connector members 82, 84 which, in turn 
respectively connect with blood inlet 40 for the oxygen 
ator and the bottom of vertical, tubular leg 76 of reser 
voir 62. Shunt line 80 is normally clamped with a hemo 
stat or other clamp member. However, when the oxyge 
nation process is completed, it may be opened to facili 
tate the complete drainage of blood from the diffusion 
system through outlet 78. 
Oxygenator 12 may conveniently be fabricated so 

that the blood ?ow paths of envelopes 16 are about 4.25 
inches long and 0.025 inch thick (as seen in FIG. 2), and 
6 inches deep (as shown by FIG. 1), to provide the 
desired membrane surface area to accommodate the 
respiratory needs of an adult patient. 
Width 56 may be 7.5 inches, to provide a system of 

extremely low pressure drop, even ?ow, and highly 
effective oxygenation and temperature control capabili 
ties. Reservoir 62 may also be 7.5 inches wide to accom 
modate the ribbon stream of blood without creation of 
turbulence, for removing of gas bubbles along sloping 
?oor 72. 
The above has been offered for illustrative purposes 

only, and is not for the purpose of limiting the invention 
of this application, which is as de?ned in the claims 
below. 
That which is claimed is: 
1. In a diffusion device for blood having as a diffusion 

means a ?exible, semi-permeable membrane folded into 
a stack to provide a plurality of membrane layers ar 
ranged for ?ow of blood in a plurality of parallel ?rst 
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6 
?ow paths and for ?ow of another ?uid in a plurality of 
parallel second ?ow paths positioned between and sepa 
rated from said ?rst ?ow paths by said membrane, and 
a stiff, integral backing having transversely extending, 
generally parallel score lines and folded on said score 
lines into sections and arranged on one side of said 
membrane in said second ?ow paths for support of said 
layers and spaced port means de?ned in said backing to 
permit ?uid ?ow therethrough, the improvement com 
prising: laterally positioned tabs on each edge of the stiff 
backing, said tabs being folded inwardly against inner 
portions of said backing and sealed thereto to provide 
double thickness edge portions of said backing, to pro 
vide a spacing and gasket seal at opposed edges of said 
stack. 

2. The diffusion device of claim 1 in which spacer 
means is positioned between said backing and mem 
brane for facilitating ?uid ?ow therebetween. 

3. The diffusion device of claim 2 in which said 
spacer means overlies said stiff, integral backing in a 
position between said port means, and said stiff, integral 
backing and spacer means is further overlaid with said 
semi-permeable membrane, which is of a width and 
orientation to overlie said spacer means and said port 
means. 

4. The diffusion device of claim 3 in which said 
folded, stiff, integral backing spacer means and semi 
permeable membrane is positioned in a tight-?tting 
casing, whereby the spacing'and gasket seal defined by 
the folded tabs is subjected to increased compression 
relative to the remainder of said folded stack. 

5,. The diffusion device for blood of claim 1 in which 
said tabs are proportioned so as not to overlie said port 
means. 

6. The method of processing a stiff, integral backing 
coated with thermoplastic material and having trans 
versely extending, generally parallel score lines, and 
spaced port means for facilitating the ?ow of ?uid 
through the diffusion system in use, after folding into a 
convoluted arrangement with a ?exible, semi-permea 
ble membrane, which method comprises: folding the 
edges of said stiff backing inwardly to de?ne overlying 
tabs on the edges of said backing in overlying, double 
thickness relation with said backing, heat-softening the 
thermoplastic coating on said tabs adjacent the edge of 
said backing, and pressing said folded tabs into the re 
mainder of said backing, whereby the thermoplastic 
coating causes said tabs to adhere in face-to-face rela 
tionship with the remainder of said backing, to provide 
spacing gasket means along the edges of said backing. 

7. The method of claim 6 in which said backing is 
thereafter overlaid with spacer means in a position be 
tween said spaced port means, and then said backing 
and spacer means is further overlaid _ with diffusion 
membrane means of a width and orientation to overlie 
said spacer means and said port means, and thereafter 
said backing spacer means and membrane are convo 
luted into folded sections by folding along said gener 
ally parallel score lines to form a diffusion device stack 
of said folded sections, said tabs serving as a gasket 
member of increased thickness, compared with the rest 
of said stack, whereby implacement of said stack in a 
tight casing provides sealing to opposed edges of said 
stack. 

8. The method of claim 7 in which said tabs are pro 
portioned so as to not overlie said port means. 
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